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THE RESOURCES AGENCY OF CALIFORNIA
DEPARTMENT OF FISH AND GAME
MARINE RESOURCES OPERATIONS
REPORT FOR THE MONTH OF MARCH 1967
Northern California crab fishermen are enjoying a very good year. Over
8 million pounds of high quality crabs have been landed and good catches
are predicted for another month or two. In the San Francisco area, how-
ever, the season's catch will be low, a little over 300,000 pounds from
grounds which historically produced 3 to 4 million pounds per season.
An anchovy tagged at Santa Catalina Island during October was recovered
at Ensenada. This is the second movement of fish tagged in southern
California into the Ensenada fishery. An additional 64 tags, showing no
startling movements, were recovered during March.
Two tagged sand bass were recovered after having been at liberty for 70
and 213 days. One had grown about 1/5th inch and the other l-l/Sth inch,
but neither appeared to have moved from the tagging area. In addition,
94 sand and spotted sand bass were tagged at Newport Harbor.
A southern scorpionfish, Scorpaenoides xyris, captured alive at Santa
Catalina Island, was only the second specimen known to our waters.
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1. BOTTOMFISH
A. Fishery
Flatfish~ A series of southerly storms limited trawler activities
during the month o
Landings of bottomfish were light at Eureka and Fort Bragg. Dover
sale from the Eel River Canyon dominated.
Flatfish landings at San Francisco~ Monterey, Morro Bay, and Santa
Barbara were fair with English sale dominating. Good catches of
California halibut were made in gill nets off Morro Bay, Some of
the halibut were handled by Monterey wholesalers.
Rockfish: Landings were light at all trawl ports.
B. Research
Flatfish: Market sampling was accomplished at all major ports.
Trawl logs were collected, coded, and transmitted to Terminal
Island o
Weigh-back summaries for trawl landings during 1960, 1961, 1962,
and 1964 were prepared for a meeting with Biostatistics. Dis-
crepancies in Dover sale data indicate approximately five percent
of the total annual landings have not been reported: 1 0 2 million
pounds have been omitted from Eureka area landings during the
4-year period.
Box-sample summaries for PMFC Area lC were continued.
Meristic summaries were completed for 30 specimens of flathead
sole o
A paper on the addition of Zenopsis nebulosa to the fauna of
California is nearing completion.
An English sale tagging cruise was completed, with 1612 fish
tagged, 641 in the Monterey Bay area and 971 in the San Francisco
area o
Six petrale sole tags and 18 English sole tags were recovered.
Rockfish; A program for the continuing investigation of rock-
fishes is being preparedo
The Project is on schedule o
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2. SHELLFISH
A. Fishery
Abalone: The sport and commercial season opened March 16. Red
abalone landings at Morro Bay are averaging 16 dozen per boat,
ranging from 12 to 28. Fishermen are receiving $14 per dozen.
One processor at Morro Bay reported an 8-pound meat yield from a
dozen reds o Yields of 9 to 10 pounds are expected this early in
the season; however, abalone shell growth has been optimal the
past few seasons producing flatter-shelled individuals containing
less recoverable meat.
Crab~ Only a few boats remain in the San Francisco fishery.
Landings have been light and now total about 300,000 pounds.
Last season 447,000 pounds were landed.
Approximately tl million pounds had been landed at Eureka, Trini-
dad, and Crescent City by mid-month.
Fishermen report low catches for overnight sets; however, most
anticipate an increase in catches when the crabs move into very
shallow water. Most fishermen are fishing deeper than 10 fathoms.
Fishermen are faced with sanded-in gear due to strong winds and
heavy seas o This coupled with low catches and the approach of
salmon season has caused some fishermen to start bringing in gear.
Market conditions have been good with demand exceeding supply.
The price in the Eureka area is 16 cents per pound, 16-1/2 cents
in Crescent City.
Oysters: Coast Oyster Company has been harvesting from the Mad
River bed and expects to start harvesting off the Bird Island
bed before the months-end.
Eureka Oyster Farms has begun hanging culture operations in Hum-
boldt Bay. Seed oysters are suspended in the water from racks.
They intend to string about 665 cases of oyster seed from Japan
and other seed from Washington State. This will be the largest
hanging culture operation on the Pacific Coast.
The oyster seed ship, Eastern Galaxy, arrived in Eureka and San
Francisco on March 26 and 27 respectively. Dahlstrom had in-
spected the shipment of 9263 cases for pests in Japan. The seed
had been handled well in shipment and was in very good condition
when planting began in late March.
Shrimp: Season closed in California. Since the Oregon season
opening in March, some effort by fishermen from Brooking has
been made just north of the California border. They have reported
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an average of 470 pounds per hour. A California vessel is also
fishing out of Port Orford, The quality of shrimp landed has
been poor due to the abundance of small shrimp and gravid females.
The market is good with fishermen receiving 12 cents per pound.
Counts in Oregon have been as high as 195 per pound.
The Commission passed emergency prawn regulations for the opening
of the ridgeback prawn fishery in Santa Barbara, but only one boat
has entered the fishery. This vessel left the fishery after only
2 days of effort because of poor catches. Only 138 pounds were
landed. The trap fishery for the spot prawn ceased about March 1.
The one boat that had been conducting this fishery, with 20 to
30 wicker traps set off the continental shelf, stopped fishing af-
ter losing five traps. The boat is being prepared for salmon fis~­
ing April 15.
Bo Research
Abalone: Four tagged red abalones were received from fishermen
at Morro Bay. Maximal growth was 4 mm during 223 days at liberty.
Twenty-five red abalones were collected at Pt. Estero for matura-
tion determinations.
Abalones tagged in a study area near Pt. Estero last month ex-
hibited marked dispersion from their release point. One individ-
ual moved a straight-line distance of 75 feet over highly irreg-
ular substratum.
Red abalones were noted to be generally active in the Pt. Estero-
Cambria region and freely moving across flattened surfaces. A
temporary food shortage at this time of the year may account for
this behavior--more than 75 percent of last season's bull kelp is
gone and the next sporophyte generation has not developed.
A herd of 20 to 25 sea otters has moved about 6 miles southerly
from San Simeon Point into the vicinity of Santa Rosa Creek. They
are foraging upon sea urchins, abalones, and crabs. Southerly
migrations of sea otters represent competition to the red abalone
fishery.
Crab: At Eureka four 28-inch traps were fished three nights and
yielded 15 legal-sized crabs and 51 sublegals.
Two rectangular prawn traps fished 3 nights and yielded 73 young
crabs primarily of the 1965 year class.
Forty-eight sublegal crabs were tagged and released in Humboldt
Bay.
Commercial crab fishermen turned in or reported 12 suture tag
recoveries. Ten were from undersize crabs tagged during the
November-December 1966 crab cruise. The other two were tagged on
the 1965 crab cruise and both had molted.
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Oysters and Clams: A total of 200 hard clams, Mercenaria mercenaria,
have been recovered from a ground plot planting in Drakes Estero.
These clams, which came from the U. So Fish and Wildlife Laboratory,
Milford, Conn., were put into Drakes Estero on May 31, 1963. At
that time 666 clams were planted. Growth has not been spectacular.
The clams average 44 0 0 rom in length. When they were put in the bay,
they averaged 20 0 6 rom.
A sample of 100 live scallops, Patinopecten yessoensis, from Dr.
Imai of the Kesennuma Laboratory, Japan, was brought to California
alive by airplane and placed in an aquarium at our temporary cul-
ture laboratory at San Francisco. The Oyster Disease and Mortality
Section examined a sample for disease and pests e The scallops were
given a clean bill and were put in Drakes Estero on March 23. At
that time 93 were still alive o Observations will be made of sur-
vival and growtho
Shrimp: The preseason shrimp cruise on the N. R SCOFIELD got un-
derway on March 6. Wind, mechanical failures, and personnel changes
have plagued the trip. We have been able to operate 6 days, com-
pleting 29 trawls e The cruise may be extended a week to complete
objectives.
The 29 trawls have produced two good catches e One was 560 pounds
for a half-mile tow and the other was 385 pounds for the same dis-
tance. On an hourly basis these were equal to 2,800 pounds and
1,900 pounds, respectivelyo
The bulk of the shrimp taken have been of the 1966 year class. As
a result, the counts per pound have been high.
3. SHELLFISH & BOTTOMFISH DATA ANALYSIS (Bartlett Project M68D)
The crab data collected on Cruise 66-N-13 was successfully estab-
lished on magnetic tape using INFOL on the CDC 3800 computer.
An interrogation of the data file produced a report that listed 8
items of data for each station 20 fathoms or deeper that produced
legal crabs e The interrogation took only 55 seconds; however,
what is more important is that Peter Cordier took less than 5 min-
utes to write the 10 statement program e
In addition to the previously mentioned crab cruise, data from the
Shrimp Investigation Cruise 66-S-2 was also established e
A FORTRAN program to produce numbers of shrimp at each age caught
during a tow is being debugged 0 The results of this program will
be used as input to another program that gives estimates and var-
iances of catch-per-towo
Data from crab cruise 65-S-7 have been transcribed and are being
keypunched.
The Project is behind schedule because a Marine Biologist II posi-
tion has been vacant since the project began.
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4. PESTICIDE MONITORING (BoC.F. Contract)
Oysters collected in Elkhorn Slough during February 1967 contained
40 ppb DDT. This is an increase of 115 ppb over the previous high
level of 285 ppb DDT during February 1966 0 Corbicula clams sampled
in February 1966 on the San Joaquin River were found to contain in-
creased levels of DDT~ DDD, and DDE o These clams contained a bcdy
burden of 300 ppb DDT, 370 ppb DDD~ and 330 ppb DDE. Heavy precip-
itation during this period is believed to have resulted in the in-
creased pesticide levels found at these two sampling stations. Wet
weight-dry weight percentages of oyster tissue taken in January and
March are used as an index of oyster condition. Condition studies
will continue in 1967 to determine the relationship between oyster
condition and pesticides in oysters.
Technical representatives from the Hewlett and Packard Corporation
advised us that the electron capture detector cell necessary in
pesticide analysis work should be shipped to Avondale~ Pennsylvania
for service. Detector sensitivity is greatly attenuated if contam-
inated. A reconditioning of the cell will improve sensitivity,
permitting analysis of low levels of organochlorine pesticides at
the Menlo Park Laboratory.
Project is on schedule.
5. SHELLFISH LABORATORY OPERATIONS (Bartlett Project M64Rl)
Crab larvae are being raised successfully in water from Fort Point
in San Francisco Bay. In January, attempts to raise larvae in
this water failed due to low salinities (16.6 0/00).
Larvae are also being reared in water with various concentrations
of DDT and Endrin o Effects of continuous exposure on larvae are
being studied and the highest continuous concentration of pesticide
that they can tolerate is being determined.
Short-term bioassays of other pesticides are also being determined.
The status of the laboratory is still in question. Stanford Uni-
versity is trying to buy the Hovden Cannery but negotiations are
incompleteo
Project is on schedule.
6. OYSTER DISEASE AND MORTALITY STUDY (BoCoF. Contract)
Routine sampling trips were made to all stations during March.
Mortalities among the experimental populations of Pacific oysters
remained negligible during the month. Heavy mortalities continued
in the experimental stock of European oysters in all areas.
The 1967 Pacific oyster seed shipment from Japan has arrived in
California and samples (one-half case) are being placed at each
station. This will provide a common population of oysters in each
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area which has not been exposed to conditions in California other
than those in the respective planting areas. Therefore, more
meaningful comparisons can be made between areas concerning the
incidence of parasites or pathogens.
Routine processing and examination of oysters continues.
The Project is on schedule.
7. PORT SAMPLING (Bartlett Project 6-6-D)
Storms and concomitant high winds kept Crescent City, Brookings
and Port Orford fishermen in port for much of the month. The
entrance to the harbor at Brookings has been improved, but in bad
weather some fishermen still deliver at Crescent City.
Thirty-seven crab fishermen were interviewed for catch per unit-
of-effort in Crescent City, 20 at Brookings, and 11 at Port Orford.
Crescent City fishermen averaged 12.6 lbs/trap overnight, while
Brookings and Port Orford fishermen averaged 7.9 and 5.0 lbs/trap,
respectively.
Market sampling consisted of 200 crabs from each of the three
ports. The following results were obtained:
Crescent City
Percent soft 2.0
Mean Weight 2.09 lbs.
Mean Shoulder width 178 rom
Brookings
1.5
1.96 lbs.
173 mm
Port Orford
3.5
2.12 lbs.
180 rom
The market crab sport fishery in Crescent City was practically
non-existent in March. No skiff fishermen were observed in the
harbor. Three fishermen on the dock had not caught any market
crabs after a total of seven angler-hours. Dock fishermen caught
large numbers of rock crabs incidentally, while using ring nets
for C. magister.
Shrimp: Two market samples were collected at Brookings. The count
per pound ranged from 128 to 138 with a mean of 133.
Age Composition: %1 %11
14.7
%111
26.3
Trawling has been limited in Crescent City and Brookings by incle-
ment weather. Two of the three Brookings trawl fishermen have
changed gear and are now concentrating their efforts on shrimp.
No bottomfish samples were taken in March.
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8. ECOLOGICAL SURVEY (S.W.Q.C.B. Contract)
Mel Odemar discussed the San Francisco Bay Drainage and Oceanogra-
phy Project and its aims with personnel at the University of Cal-
ifornia at Santa Cruz and the Moss Landing Marine Laboratories.
The staff of these institutions showed considerable interest in
the project. Dr. Harville of the Moss Landing Marine Laboratories
suggested that qualified state college graduate students could
participate in phases of our Ecological Study providing adequate
funds be made available. A proposal was discussed and drawn up
on which phases of our investigation could coincide or relate
closely with possible master's thesis problems. Hopefully, funds
for these pertinent studies could be made available from outside
sources.
Precertification training of diving personnel was to include thre9
days of diving in the Monterey Bay area. A minor diving mishap a~d
poor weather conditions shortened this training session to one day
of shallow water diving at Pacific Grove.
A trip was made to the San Diego area to discuss oceanographic
sampling and recording equipment for the project with representa-
tives of oceanographic equipment firms. Carl Shipek of the Naval
Electronics Laboratory in San Diego was contacted to discuss the
relative merits of the Shipek Deep-Sea camera systems.
A rough analysis of the origins of partyboat landings for 1962
through 1966 has been completed. Analysis of commercial origin
block data of the San Francisco-Monterey area has been running
behind schedule because of our inability to hire an account clerk.
An extensive card catalogue has been established listing source
material applicable to our study area. Data pertinent to our
study area are being collated for inclusion in our final analysis.
The Project has lost considerable time due to administrative delays.
9. PELAGIC FISH
A. Fishery
Landings in tons March
Species 1966 1965
January 1 - March 31
10-yr. mean
1966* 1965 1956-1965
* Estimated.
6,392 7,730
Accumulated landings are
Anchovy
Mackerel,
Mackerel,
Sardines
Squid
jack
Pacific
3,426 6,368
2,150 1,060
10 37
12 24
794 241
21,392
4,725
95
37
1.188
27,437
revised
10,970
2,515
324
57
2 ,277
16,143
monthly.
2,365
8,806
2,825
1,027
1,359
16,382
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B. Anchovy
Fishery
Anchovy Reduction Landings
Zone Quota Landings to Date February Lan~ings
I 10,000 3,976 317
II 10,000 8,074 2,545
III 10,000 1,214 454
IV 35,000 13,556 1,950
V 10,000 7,566 312
Total 75,000 34,386 3,287
(Zones: I - inshore, Pt. Conception to Port Hueneme; II - inshore,
Port Hueneme to Dana Point; III - inshore, Dana Point South; IV -
offshore of zones I, II, & III; V-north of Point Conception.)
Twenty-four purse seiners and one 1ampara boat operating out of San
Pedro and two purse seiners operating out of Port Hueneme delivered
2,975 tons of anchovies for reduction. Fishing activities were
again centered in the San Pedro Channel and near Anacapa Island.
Catch per effort has been poor, due to failure of anchovies to
form large schools. The presence of small amounts of anchovies
over wide areas has kept the effort high.
On March 21, anchovies returned to the shallow waters (less than
35 fathoms) of Monterey Bay, allowing both purse seiners and lamp-.
ara boats to operate for several days. In the Monterey area 312
tons of anchovies were reduced and 127 tons canned during March.
Live Bait: Demand for live bait continues to be light, and fishe~­
men report plenty of anchovies available to them. Most operators
are readying their equipment for the summer season. One operator
in Long Beach has launched a new mobile, self propelled bait re-
ceiver. It has screened openings at both ends, and is designed to
receive bait directly from the fisherman's net. This method elem·-
inates fish landing by brailing.
The live bait fisherman at Port Hueneme has constructed a small
purse seine which he plans to use for bait fishing. The new net 1s
approximately 125 fathoms long by 12 fathoms deep.
Tagging: Sixty-two tags were recovered from San Pedro reduction
plants, one from Monterey Bay plants, and two from the reduction
plants in Ensenada during the month. One of the two recovered in
the Ensenada fishery was released near Santa Catalina Island on
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October 2nd o This tag gave a second demonstration of movement
south into Mexican waters o The other was tagged near Ensenada o
Research: Color coded wire tag injection and detection methods
were observed at Nimbus Hatchery on March 13, 19670 This type of
instrument could be used on anchovies after the development of a
less sensitive tag detector o The present one is too sensitive to
jarring to be used near a conveyer.
Four days were devoted to assisting filming of a new movie for
the Department on anchovy research and management o
Half of the new magnets designed to increase tag recoveries arrived
near the end of the month and arrangements were made to have them
installed o Installation in two of the four San Pedro canneries
had been completed by months-end. The remainder should be in by
April 5th so that recovery tests can be completed before the close
of the fishery April 30th o
Co Mackerel and Sardines
Fishery
The demand for jack mackerel is continuing to remain good as in-
dicated by the high price~ $75/ton~ and the insignificant vessel
limits imposed by the canneries o Only one cannery has a limit
less than 100 tons per boat o The price and limit have been in
effect since October, 1966 0
Jack mackerel landings have increased steadily during the first
quarter of the year but the accumulative total is considerably
below the 10 year mean for this periodo
Primary areas of catch during March were Tanner Bank and Santa
Cruz Island o Most of the fish were caught around Tanner Banko
The best catches occurred on the night of the 15th when approxi-
mately 500 tons were caught 0 Santa Cruz Island produced the first
significant daytime catches since last fall, approximately 100
tons were taken in 3 sets o Sardine and Pacific mackerel landings
continued poor with no indications of any improvemenL
Research
The final draft of the plan for monitoring the activities of the
local wetfish fleet was completed and is currently being edited
preliminary to circulation to the other investigations o
Project personnel made two trips to sea aboard the purse seiners
FRANKIE BOY II and STo JUDE 0
During the month, 29 jack mackerel, 3 Pacific mackerel and no
sardine samples were collectedo The Pacific mackerel were taken
from mixed loads o
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D. Fisheries Resources Sea Survey (Bartlett M63R2-2)
A survey cruise to central California was conducted March 5-20.
Severe weather conditions permitted only superficial coverage of
the area. Schooling pelagic fish species were scarce with only
16 unidentified schools detected in 376 miles of echo sounding
transects o Weather conditions limited mid-water trawling to 2
tows, both of which were badly clogged with large jellyfish.
The last 2 days of the cruise were spent off San Pedro observing
trawl-net avoidance by anchovies and diurnal schooling behavior.
Trawl catches were negative in the daytime and successful at night.
Small schools of anchovies were consistently detected during day~
light hours by echo sounder, but avoided the midwater trawl.
After dark these schools came to the surface and spread into a
thin surface scatter where they became vulnerable to the midwater
trawl, but were not very evident on the echo sounder.
The computer program for data reports of the new sea surveys is
nearly ready for final debugging runs. Data from the 1966 cruisen
are being coded for card punching as time permits. A new species
code to be used in future data reports was completed.
10. TUNA
A. Albacore
Preliminary albacore landing figures are in. The data show that
Oregon and California divided the 1966 commercial landings almost
equa11y--Ca1ifornia 18.2 million pounds and Oregon 18.0 million.
It was the best season since 1944 for Oregon and the worst since
1947 for California. Washington landings totaled 1.1 million
pounds.
Summary and analysis of the backlog of oceanographic and biologi-
cal data continued o Several logs collected here contained data
about Oregon landings, these were sent to Oregon biologists in an
exchange plan. All albacore scales sampled last season were fin-
ally read and assigned ages.
Considerable time was spent preparing the Multi-year Program Budget.
A tuna fisherman brought in a small collection of fish to be ident-
ified.
B. B1uefin tuna
Most of the "local" purse seiners (Class 1-3) netted yellowfin
tuna, skipjack tuna, and various wet-fish species; larger seiners
fished the tropical tunas exclusively.
Early in the month one vessel wrapped four tons of b1uefin which
were 20- to 25-pounderso The haul was made at night near the
southern coast of Guadalupe Island, Baja California.
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Anglers aboard a chartered vessel hooked several bluefin on March 14.
The action reportedly took place on Uncle Sam Bank, Baja Californ:La.
Summary and analysis of the California bluefin fishery continued.
It includes years 1957 through 1966. Catch statistics for cammer··
cial fishing in 1966 have been edited and processed for keypunch-
ing.
C. Bonito
Commercial landing figures during January and February were a lot
higher than those of last year during this time. Last season 213
tons were unloaded; this year 1,257 tons have been reported. Al-
though the commercial catch declined by months-end, the partyboat
catch remained high.
Daily~ for the past 3 months, 2-14 people have been angling for
bonito near a power plant complex on Westminster boulevard about
1/4 mile east of highway 101. The plant produces quantities of
smog, electric power~ and hot water. Bonito enjoy the warm water,
and a semi-resident "population" has appeared and apparently is
thriving in this artificial habitat. Bonito are well known for
providing good year-round sportfishing in such warm areas.
D. Schedule
Due to staff vacancies and extra assignments the tuna program has
dropped 53 man-months behind schedule since January 1965.
11. SPORTFISH
A. Partyboat
Research: 94 sand and spotted sand bass were tagged at Newport
Harbor. Two sand bass from previous tag lots were recovered.
One grew 5 mm in 70 days, the other~ a 12 1/2" fish at tagging,
grew 31 mm in 213 dayso No migration was evident. Two tagged
halibut were recovered. One 36" fish out 756 days grew 4 1/2"
and moved 25 miles. A smaller halibut, 22" at tagging, grew
1 1/8" in 450 days~ but did not move appreciably.
Fishery: The partyboat catch of key species, accumulated through
February, compares with 1966 as follows:
Through February
Rockfish
Kelp, sand bass
Barracuda
Bonito
Calif. halibut
Salmon
Striped bass
Yellowtail
1967
352,233
22,395
19,417
9~737
4,635
4~016
507
462
1966
220,266
22,623
12,118
22,684
4,308
2,842
619
144
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A special report, analyzing the possible effects of the anchovy
reduction fishery on partyboat angler success was completed. The
analysis indicates the anchovy fishery has not affected sportfish-
ing.
B. Environmental and Behavioral Studies of Coastal Sport Fishes
(D-J F22R-3)
Several survey dives were made in Avalon Harbor and Lovers' Cove,
Santa Catalina Island to assess the effects of breakwater construe-
tion on the Marine Gardens in these areas. This is a cooperative
study being financed by the Department of Harbors and Watercraft.
One concern is that silt will leach away from the breakwater dur-
ing construction, and settle in the Marine Gardens where it will
smother the animals encrusting the rocks. To date, we have not
observed an abnormal silt build-up outside the immediate construc··
tion site.
Project personnel engaged in a cooperative fish collecting expedi··
tion with USC and Marineland of the Pacific scientists. Our most
spectacular capture, at these Santa Catalina Island reefs, was a
live southern scorpion fish, Scorpaenoides xyris. This is the
first record from Santa Catalina Island and the second collected
in California. We collected the first California specimen last
May at San Clemente Island. Southern scorpion fish are common in
tropical waters, but until our collection, they were unknown north
of Guadalupe Island, Baja California; some 250 miles to the south.
Approximately 10 man-days were spent on maintenance and repair of
the DOLPHIN and various pieces of our diving gear.
At months-end we arranged for a marine surveyor to examine the
DOLPHIN and ascertain its seaworthiness.
Turner participated in a symposium, The Marine Environment in
Southern California's Changing Ecology, presented by the Los An-
geles Regional Water Quality Control Board. He spoke on Califor-
nia's Artificial Reef Research Program: An approach to understand-
ing our nearshore marine environment.
C. Northern California Sportfish Survey (DJ F12R9)
A computer report was completed for the 1966 data. These data
are now being collated and tabulated for publication. Of most
significance was the 56 percent increase of skiff fishing in 1966
over that of 1959 skiff effort.
Miller spent several days gathering sport fishing and ocean data
in the area from the Golden Gate to the Oregon border.
Seven days vacation were used this month.
The Project is behind schedule due to Marine Biologist II position
being unfilled.
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D. Southern California Marine Sportfish Survey (D-J F20R)
Revision of the White Seabass Manuscript was completed, and after
typing will be submitted for editing.
Catch ratios for private boats and skiffs were calculated and tab-
ulated. Work continued on data analysis and write-up for private
boat and shoreline creel censuses.
Pinkas spoke to Reserve Wardens (12) apropos Project Objectives
and activities.
Considerable time was spent on special assignments. Data on the
food relationships of anchovies to sport fishes were requested.
Plans were also formulated for biologic monitoring of Redondo Har·-
bor in relation to warm water discharges within the Harbor.
Special assignments~ assistance to F-12-R, and various other in-
terruptions have left the project approximately one month behind
schedule.
12. FOOD HABITS STUDY (Bartlett Project M67-R)
Stomachs of fish collected near Catalina Is. by the Environmental
Studies group were examined.
Contents of several jack mackeral stomachs were analyzed, and plans
were formulated for a joint study (conducted by personnel of the
Food Habits and Pelagic Fish Projects) of the food and feeding of
this fish.
Dissection and examination of stomachs obtained at the Long Beach
Skin Diving Meet were completed this month.
13. SPECIAL PROJECTS
A. Southern California
Three of the five days scheduled for red tide research were com-
pleted.
Some time was devoted to updating the biological folders which
have reposed in the files for several years.
The rest of the month was devoted to routine matters.
Project is on schedule.
B. Northern California
Largest project during the month was preparing maps and regulations
for kelp harvesting along the northern California coast.
The thermograph at Tomales Bay Oyster Company was removed, taken to
the laboratory shop and repaired. It was then returned to location
and put in operation.
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14. BIOSTATISTICS
A. Data Processing
Regular Reports:
The November and December statistical reports of landings and
shipments were completed and distributed to the field offices.
February cannery and processor reports were completed and the
monthly letter summarizing the tuna case pack was mailed.
February marine partyboat catch reports were completed and the
letter summarizing the data was mailed.
The October Pacific Mackerel Report III was completed for Pelagic
Fish Investigations.
The final list of unregistered boats landing fish during the
1966-67 license season was prepared for Wildlife Protection Branch.
Late fish receipts for 1965 were summarized in the 13th period
statistical reports.
Annual (1966) marine partyboat catch reports (8)
and the letter summarizing the data was mailed.
were run for the following species:
were completed
Additional reports
Striped Bass - Inland Fisheries Branch, Sacramento
Kelp Bass - Sportfish Investigation, Terminal Island
Blue Rockfish Reports - Sportfish Investigation, Menlo Park
Salmon (selected areas) - Sportfish Investigation, Menlo Park
Annual processor reports were balanced, key punched, and tables
were prepared for the Statistical Circular #41 manuscript.
Special Jobs and Reports:
IBM card decks were punched for the following:
Salton Sea Census - Jack Wha1ls, Region 5
Nacimiento Creel Census - Check von Ge1dern, Inland Fisheries
Branch
Shrimp Cruise 66-S-2 - Dave Mackett, Menlo Park
The landings and shipments in the San Diego area during 1966 were
tabulated for the San Diego County Department of Agriculture.
A table showing monthly landings of Pacific herring in each area
was prepared for the Deputy Director.
Tabulated lists of registered fishing vessels in the state were
prepared for the Regional Biostatistical Field Functions.
Tables showing 1964-65 pounds and value of commercial catches and
marine partyboat landings in Bodega Bay were compiled for the
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Bodega Bay Chamber of Commerce.
A series of reports listing and summar~z~ng the logs of vessels
fishing anchovy were prepared for J. Messersmith, Pelagic Fish
Investigations.
Anchovy length frequencies were prepared for J. Messersmith, Pela-
gic Fish Investigations.
A special assignment involving a review of Fish and Game Code sec-
tions relating to marine fisheries was completed and forwarded to
headquarters.
Work in Progress:
Statistical reports of landings and shipments for the month of
January are being processed in the machine unit.
February market receipts, March cannery receipts, and March party-
boat logs are being edited,
The 1966 trawler records are being processed for the annual trawler
study.
Work is progressing on the tables and reports for the Statistical
Circular #41 manuscript.
A special assignment preparing Multi-Year Program Statements and
Program Memoranda for the fiscal year 1968-69 is still underway.
This should be completed in the early part of April.
The license unit processed many 1967-68 boat registrations, party-
boat licenses, and commercial fishing licenses in the latter part
of the month.
Field:
The Field Representative position is vacant.
B. Technical Assistance and Biometrical Analysis
Statistical and Mathematical Analysis~
Work was carried out on developing methods of calculating standard
errors of the parameters of non-linear curves. These will be used
in conjunction with our general purpose non-linear curve fitting
program.
Determination of the most efficient allocation of sampling effort
for the shrimp sea survey plan was continued.
Computers:
White seabass yield isopleths were calculated for Leo Pinkas.
Ten weight-length curves were computed for Robert Bell.
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A program to fit von Bertalanffy growth curves from tag and recov·-
ery data was under development.
The card-to-tape program was modified to provide reports more amen-
able to checking.
Programming was begun to yield monthly landings or shipments by
port or origin from the commercial receipt tapes which will be made
this year. The program will handle up to 25 ports or origins and
up to 75 species on one computer run. This should allow relative:.y
current reports to be easily produced from the tapes.
15. VESSELS
ALASKA
The vessel conducted a 21 day pelagic fish study in Central Calif··
ornia waters.
Operating days scheduled 20- operated- 20.
N. B. SCOFIELD
The vessel was engaged in a shrimp study off the Northern Califor··
nia coast the entire month.
Days scheduled - 31; operated 31.
NAUTILUS
From the 1st through the 15th the vessel was engaged in English
sole tagging for migration and population studies, in the waters
off Bodega Bay.
The balance of the month the crew was on C.T.O o
MOLLUSK
Five days abalone work in Morro Bay area.
16. BIOLOGICAL NOTES
A longfin sanddab, Citharichthys xanthostigma, 246 mm, total length
(9.6 inches) was caught in an otter trawl hauled on the bottom fOJ:
English sole at a depth of 42 fathoms, SSW of Santa Cruz, Montere~7
Bay, February 24, 1967. This capture extends the range for this
sanddab about 170 nautical miles northward of Pt. Conception. (The
catch was kept iced for several days before filleting, at which time
the unusual specimen was noted and saved).
A giant squid, Moroteuthis robusta, was found in a moribund condi-
tion at the surface off Carmel, March 31, 1967 0 The specimen had
a mantle length of 34 inches and an overall length of 108 inches,
including the tentacular arms. It was scooped up and brought
ashore by the operator of the Monterey partyboat, RANDY I.
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On March 18, 1967, Jim Riley, master of the trawler, INA, reported
a herd of fur seals, Collorhinus ursinus, about 15 miles west of
the Humboldt Bay. Mr. Riley estimated 300 to 500 animals in the
herd.
Two southern fishes, caught off southern California during March,
were reported to California State Fisheries Laboratory. A smooth
stargazer, Kathetostoma averruncus, hooked by a fisherman off Par--
adise Cove on March 13th, was a new size record for the species at
12 1/4 inches and 1 pound 15 ounces. It was a running ripe female
and the otoliths had 8 winter rings on them. Previously a dozen
others had been reported from California waters. The other
"southerner," about equally as rare in our area, was a catalufa,
Pseudopriacanthus serrula, caught off Hermosa Beach on March 26.
17. MISCELLANEOUS
A. Meetings, Talks, and Visitors~
March 2
March 2 & 3
March 3
March 3
March 4
March 6-10
March 7
March 7
March 7
March 7
March 8
Messersmith met with B. Williams in Sacramento to
discuss additional filming for the anchovy movie.
Roedel and Aplin met in Sacramento with staff and
representatives of the kelp companies to discuss
proposed kelp harvesting regulations and attended
the Commission meeting.
Messersmith attended Fish and Game Commission
Meeting to report on the anchovy reduction fishery.
Several staff members participated in indoctrination
training being given two Region 5 wardens.
Aplin supervised a tidepool trip to Moss Beach
made by 18 sixth grade students.
Orcutt attended a Middle Management Training at
San Clemente.
Smith presented a film and talk to 300 Alice Birney
grammar school children on "Conservation Week".
Gotshall met with James Gast, Humboldt State College,
to discuss a cooperative oceanographic study.
Discussion of Departmental diving operations with
Captain James Leamon, Department diving coordina-
tor, Wildlife Protection Branch: Terminal Island;
Turner.
Fitch gave an illustrated talk on fish otoliths
for all personnel at CSFL.
During National Conservation Week Blunt gave an
illustrated talk at St. Joseph's Grade School.
March 9
March 9
March 9
March 9
March 10
March 10
March 12
March 13
March 14
March 14
March 13
March 14
March 15
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A followup class meeting was held March 28th at thE~
beach for a grunion runo The class was successful
as hordes of grunion came up on the beach o
Smith presented a film and talk on Conservation to
480 first through sixth grade students at Marshall
Elementary School o
Carlisle discussed seismic plans with Gene Baker
of Shell Oilo, Taro
Ebert gave an illustrated talk on California abalo··
nes to 25 members of the Sierra Club, San Luis
Obispoo
Shirley Sarvis, Food Writer and Consultant from
San Francisco, visited Eurekae
Roedel and Baxter attended a CalCOFI meeting in
La Jolla o
Odemar met with Drs~ Petterson and Newberry of the
University of California at Santa Cruz and Dr e Har~
ville of Moss Landing Marine Laboratories and dis-
cussed the proposed master drain and the possible
effects brought about by such a drain o
Fitch accompanied (as a group leader) a dozen mem-
bers of the Paleontological Club of Los Angeles on
a field trip in the San Pedro area o A steady down···
pour kept more members from showing up and was in-
strumental in curtailing digging activities at
various fossil sites o
Wickwire participated in a demonstration at the
Nimbus Hatchery near Sacramento of a coded-wire
tagging injector and detection machine.
Roedel participated in AFS committee meetings in
San Francisco o
Collins presented a talk on anchovy tagging to
approximately 35 guests at the Wilmington Kiwanis
Clubo
John Barry spent more tha'n an hour discussing pollu-
tion problems with John Fitch o
James Ryan, Chuck Turner and Fitch spent most of
the day going over PSEis for the Reef Ecology pro-
ject<J
Cordier and Mackett visited the Data Processing
Center of Crocker Citizens' Bank to observe the
operation of their CDC 914 optical scanner.
March 15
March 15
March 15
March 16
March 16
March 16-17
March 17
March 17
March 17
March 17
March 20
March 21
March 21-24
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Lecture to 25 Explorer Scouts (Marine): The OCeal!
Environment a'nd Its Inhabitants; Marineland of thf~
Pacific; Turner o
Cordier and Mackett met with Fredrick Cramer of
the USFWS Bureau of Commercial Fisheries to discuBs
the Data Analysis Project's activities 0
Aplin met with Paul Booth of the University of
California in Berkeley to discuss progress of the
Fish Food Habits StudYe
Baxter participated in the Ineeting on anchovy reg· ..
u1ations at Sacramento headquarters o
Clemens spoke to 90 member's of the Tuna Club. Tht~
subject concerned the marlin fisheries of southern
California and Mexico and included sportfishing aud
Japanese and Russian commercial fishing Q
Roedel and Jow attended a special PMFC meeting in
Portland to formulate a coordinated program for
research and development of Pacific coast marine
fisheriese
Frank Schwartz~ editor for Transactions of the
American r~sheries Society,spent most of the day
at CSFL working with Fitch and others on problems
of mutual concern, and obtaining a guided tour of
our laboratoryo
Clemens attended a fisheries meeting in San Pedro~
It was convened by Mrs Ostoich and included a dis-
cussion of the declining fisheries resources in
this area and various ways for improvement 0
Symposium on The Marine Environment In Southern
Californiavs Changing Ecology~ Los Angeles; par-
ticipant, Turner o
Bissell and Ebert met to discuss various biological
findings at Diablo Canyon where Po G0 & Eo proposes
to build a nuclear power p1ant o
Roedel attended a meeting of the UoSo advisory
section of the IATTC in Long Beach e
Aplin met with Dr~ Wmo To Doyle at the University
of Ca1ifornia~ Santa Cruz, to discuss kelp. Also
discussed was the proposed Marine Reserve at A~
Nuevo Gl
Bill Coop~ photographer, and B~ Williams of Sacra~
mento, worked with Messersmith and Wickwire on the
anchovy movie~ Terminal Is1and o
March 22
March 22
March 22-23
March 23
March 24
March 24
March 27
March 27
March 27-28
March 29
March 29
March 30
March 31
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Clemens showed Mr. Uldall, DepL of General Servi··
ces (Leasing), the laboratory facilities. Uldall
was surprised at the over-crowded conditions and
inadequate facilities. He also was surprised that
we were trying to conduct research while located
in the heart of an industrial complex.
Aplin gave a talk to the oceanography class of the
Naval Reserve Officers' School at San Mateo on
"Living Resources of the Sea".
Roedel attended the regular monthly meetings in
Sacramento.
Clemens spoke to 40 members of a scuba diving club
in Riverside. The subject concerned abalone, lob··
sters, and grunion.
Frey spent a day at Menlo Park discussing Multi-
Year Program Statements and Program Memoranda with
Orcutt.
Meeting with A. M. Caldwell and H. Scotten, Feder~l
Water Pollution Control Administration; discussion
of proposed ecological survey at San Diego Bay:
Terminal Island; Turner.
Aplin discussed plans for kelp harvesting along
the coast of northern California with Dr. Michael
Neuschel at the University of California at Santa
Barbara.
Roedel met with representatives of the Edison Co.
to discuss a proposed research project in Redondo
Beach.
Orcutt, Jow, Dahlstrom, and Gotshall attended and
participated in the PMFC Research Staff Meetings
at Portland, Oregon.
Talk given to Boy Scout Troop 208, local marine
animals and plants: San Pedro; Turner.
Fitch, as a member of the Advisory Committee on
Oceanographic Technician Training, Fullerton J. C.,
met with the committee at Fullerton to help draft
a curriculum for this course which is planned for
a start next fall.
Ebert gave an illustrated talk on California aba-
lone to The Pelican Diving Club, Vallejo.
Fitch gave an illustrated talk on otoliths to 20
members of the USC chapter of the national honor-
ary biology fraternity (Phi Sigma).
B. Personnel
Jan. 16
Feb. 15
Feb. 15
Feb. 15
Feb. 15
Feb. 15
Feb. 15
Mar. 3
Mar. 30
Mar. 31
Mar. 31
- 23 -
John Modin appointed TAU MB II, Estuarine Monitor-
ing Program, Menlo Park.
Melvyn Odemar, MB III, transferred to San Francisco-
Drainage Oceanography Study, Menlo Park.
Kenneth C. Wilson appointed TAU MB II, San Francisco-
Drainage Oceanography Study, Menlo Park.
Paul W. Wild appointed TAU MB II, San Francisco-
Drainage Oceanography Study, Menlo Park.
Peter Cordier appointed TAU MB III, Shellfish and
Bottomfish Data, Menlo Park.
Melvin Willis appointed TAU MB II, Fisheries In-
vestigations and Activities, Menlo Park.
Steven Taylor, AB I, transferred to Fisheries In-
vestigations and Activities, Eureka, from Port
Sampler at Crescent City.
Laura Richardson appointed Senior Stenographer,
Administration, Terminal Island.
Charles D. Long appointed TAU Ship's Cook on R/V
ALASKA, Terminal Island.
Herman Nunez, Ship's Cook on R/V ALASKA, resigned.
Ivo I. Kuselj, Master on R/V ALASKA, resigned.
Harold B. Clemens
Acting Manager
MRO/TI
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THE ROLE OF THE CALCOFI COMMITTEE IN RELATION TO THE
CALIFORNIA ANCHOVY FISHERY 1/
By Philip M. Roedel
California Department of Fish and Game
MRO Reference No. 67-9
INTRODUCTION
The development of an anchovy reduction fishery subsequent to a proposal 2
made by the California Cooperative Oceanic Fisheries Investigations Committee _/
in 1964 has raised a number of questions in the minds of management, concerned
sportsmen, and industrialists alike as to the basic rationale underlying
CalCOFI's suggestion.
How firm is the foundation of research in deriving estimates of anchovy
population size? How are the estimates made? Where are the supporting papers
and documents? These questions, among many others, constantly arise and both
require and deserve reply.
The purpose of this paper is to answer these fundamental questions.
THE SOURCES OF INFORMATION
The CalCOFI program for which the Committee is responsible is a coopera-
tive effort with 3 chief partners: the California Department of Fish and
Game, the U.S. Bureau of Commercial Fisheries, and the University of California.
The program was instituted in response to the California Marine Research
Committee which was established in 1948 with the task of "financing research
in the development of commercial fisheries of the Pacific Ocean and of marine
products susceptible to being made available to the people of California"
(Fish and Game Code Section 729). The CalCOFI Committee itself came into
being in 1957, replacing the original Technical Advisory Committee. In general
terms, UC (through Scripps Institution of Oceanography) is responsible for pro-
viding physical oceanographic data, BCF for surveys of abundance based on
collections of eggs and larvae, and the DFG for fishery studies and studies of
1/ Prepared 5 April 1967.
2/ The CalCOFI Committee has f:Jur members, three of whom are the scientific
leaders of the Marine Research C:Jmmittee-associated programs of the major
cooperating agencies. The f:lurth member represents the MRC. In 1964, it
consisted of E. H. Ah':'str:Jm, U.S. Bureau of Commercial Fisheries, J. L.
Baxter, California Department of Fish and Game, J. D. Isaacs, University
of California and G. T. Murphy, Coordinator. Dr. Murphy is no longer
with the program: P. M. Roedel, Manager, Marine Resources Operations,
California Department of Fish and Game and Secretary, Marine Research
Committee, has acted in his place since 1966.
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abundance based on adult fish surveys. The program was initially directed
toward the sardine~ but early in its development began a broad-gauge look at
all the inhabitants of the waters adjacent to our coast, It has paid particu-
lar attention in recent years to the phenomenal rise in the abundance of
anchovies.
The data of particular significance came from BCF's egg and larva sur-
veys which have been made routinely on a standard cruise pattern since
1951. The surveys were made monthly through 1960~ quarterly in 1961-65~ and
monthly in 1966. Coverage has been most intense between Point Conception
and the vicinity of Magdalena Bay~ Baja California but has extended as far
north as the Oregon border and as far south as Cape San Lucas. The station
lines run as much as 300 miles offshore. The map (Figure 1) shows their
distribution.
It is these surveys which give the fundamental quantitative informa-
tion on which CalCOFI bases its estimates of abundance. Supporting quali-
tative data are available from other sources including SIO and DFG~ but the
numbers used come from BCF.
First~ how good are the numbers likely to be? We have a check on
this from annual estimates of the sardine population made in the 1950's by
BCF based on its surveys and by DFG based on young and adult fish surveys.
These were in remarkable agreement and were validated further by catches
made in the subsequent fisheries. There is reason to believe that the
anchovy estimates are considerably more reliable than those for sardines~
this based on an unpublished statistical analysis made by BCF. We do not
yet have corollary population estimates from DFG~ which is, however,
currently field-testing a method for obtaining independent estimates based
on adult fish. This system~ hopefully, will be in operation in 1968 and
should be a partial substitute for the more expensive egg and larva surveys.
The anchovy fishery is still too small to give any measure of the
effect of fishing nor can we yet derive estimates of population size from
the DFG's monitoring and tagging programs. These will be major sources of
information when and if the fishery reaches a size at which it takes a
detectable portion of the population. It is the lack of fishing and the
consequent necessity to rely solely on egg and larva data which has dic-
tated CalCOFI's deliberate conservatism in its recommendations.
CalCOFI has~ then~ relied on numerical estimates based on egg and
larva collections~ using a technique verified independently when applied
to sardines.
Data are available in published form through 1964 (Ahlstrom, 1966).
Data for 1965 are analyzed but unpublished~ and those for 1966 are par-
tially analyzed.
ACTIONS OF CALCOFI PERTAINING TO ANCHOVIES
The role of the CalCOFI Committee has, since its organization in 1957,
been one of acting as a scientific coordinating body~ overseeing the coop-
erative research programs under the aegis of the Marine Research Committee,
and reporting on its findings of interest.
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It was in the latter context that CalCOFI submitted the paper now com-
monly referred to as Document XII to the MRC on 6 March 1964. It was the last
of 12 papers presented that day by CalCOFI scientists describing their work,
represented the joint thinking of the CalCOFI Committee (then Murphy, Isaacs,
Baxter and Ahlstrom), and was entitled "Requirements For Understanding the
Impact of a New Fishery in the California Current System ll • In this paper the
authors called attention to the rise of the anchovy population which closely
followed the fall of the sardine. They suggested that IIthere is a real
chance that simultaneously reducing the pressure on sardines and imposing
pressure on anchovies will reverse the present equilibrium and assist in
bringing back the more valuable sardineft This constitutes an exciting oppor-
tunity for marine science to assist society in meeting its complex needs"
and proposed establishing a new fishery on the sardine-anchovy system devised
as a careful scientific experiment.
Their long-range program consisted of three phases, the first of which
is of concern to us now:
"Phase 1. The objecti've lS to initiate a conservative fishery on
anchovies and reduce sardine fishing just sufficiently to produce
an observable change in the system, and just enough to improve our
preliminary appraisal of the magnitude of the anchovy resource.
During this phase a limit of 200,000 tons should be placed on the
anchovy fishery and the sardine fishe:ry should be limited to
10,000 tons. Thirty-five percent of both of these limits should be
Laken off California and 65 percent off Baja California. From the
viewpoint of conducting a controlled experiment, it would not be
desirable to place a complete moratorium on sardines for two reasons.
The fishery is a primary tool for detecting responses in the sardine
population. It would be lost, and we would have to rely entirely
on our surveys. Secondly, a complete moratorium would complicate
the experiment by introducing two variables at the same time. The
limit suggested for the sardine relieves these problems by keeping
our "window" on the sardine population open, and by approximating r "
the average rate of exploitation prevailing over the past years." .},
It is with the derivation of these figures and with their subsequent
modifications that we shall now concern ourselves.
POPULATION ESTIMATES.
Ca1COFI has followed Ahlstrom's procedures in reaching its estimates.
He described them at a MRC meeting in August 1966 and details appear in the
minutes.
In 1958, there were 18 times as many anchovy larvae as there were
Through recommending a limited sardine fishery, the CalCOFI Committee
recognized that a total sardine moratorium might be appropriate if
the objective was only to give the sardine population the maximum
chance to resurge rather than to conduct the experiment as P_~~~~~~~ 0 _
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sardine (206,000 to 11,000). Two anchovy larvae equal one sardine larvae,
because anchovies spawn twice as many eggs per pound of adult fish as do
sardines. Therefore, the adult anchovy population was 9 times, not 18 times,
as large as the sardine population,
During the same year, the total sardine population was on the order of
200 to 250,000 tons (California plus Mexico). This value is derived from
several independent sources all of which are in substantial agreement and
all of which show a fishing mortality on the order of 50 percent (see Murphy
1966 for a published account).
Multiplying these values by 9, the amount by which the anchovy popu-
lation exceeded the sardine, the total anchovy population becomes from 1.8
to 2.25 million tons in 1958.
During the period 1951-59, on which Ca1COFI based its 1964 estimates
(Document XII), about 1/3 of the anchovy larvae were taken in the California
area. It was on the basis of these numbers that CalCOFI made its recom-
mendation that 35% of the catch of the experimental fishery be made off
Ca1iforni a.
CalCOFI set the level of the proposed experimental fishery at 200,000
tons, 10 percent of the minimum estimate of the total anchovy population.
This is another most conservative value, for harvest rates of 1/4 to 1/3
are thought quite reasonable for fish of this sort. However, CalCOFI was
deliberately as conservative as possible in its recommendations, and it
felt that a 10% harvest would be sufficient to produce a measurable per-
turbation in the anchovy-sardine system.
The fact that 35% of 200,000 tons, or 70,000 tons, closely approxi-
mates the 75,000 tons authorized by the California Fish and Game Commission
in 1966 is coincidence, for by that time anchovy larva data for the early
1960's was available to CalCOFI.
These data showed two things: first that anchovies were becoming
much more abundant, and second that a larger proportion of the total adult
population was spawning off California. The CalCOFI Committee took these
facts into account in preparing material for MRC and the Commission in
1966.
Du ri ng the base yea rs for Ca 1COFT IS 1964 proposal, (1951-59) the
relative abundance of anchovy larvae ranged from 10,000 in 1951 to 66,000
in 1958, and 73,000 in 1959. During the period 1962-65, values ranged
from a low of 186,500 in 1964 to a high of 249,000 in 1965 (preliminary
figure). The lowest value in recent years (166,500) is 2 1/2 times the
1958 figure. 4/ hUdin, the most conservative approach was used, for the
average value-for 1962-65 is 3 times 1958-59.
4/ Care is needed here. The monthly cruises in 1958 gave the value of
206,000 mentioned earlier. This becomes 66,000 when it is adjusted
to a quarterly basis to make it compare with laTer years. This ad-
justment was made by averaging the month.ly cruises made during each
quarter and summing these averages to obtain the adjusted annual
figure.
- 5 -
Ahlstrom,in his August 1966 statement, reported an increase of 2 1/2
times with a northward shift of anchovy distribution. The earlier figures of
1.8 - 2.25 million tons thus became 4.5 - 5.625 million tons with about half
of this total off California.
Although the approach has consistently been most conservative in deri-
ving population estimates, there is one other factor that demands attention.
This concerns the possibility of differential mortality rates between sar-
dines and anchovies. The data show that the anchovy survival rate is greater
than that of sardines. John Radovich pointed out (1965) that between 1951
and 1958, the anchovy increased its population relative to the sardine by a
factor of 15, increasing from 3.1 times the sardine to 46.8 times. This
represents an annual anchovy survival rate 1.4 times that of the sardine.
The most conservative assumption is that this entire differential occurs
between the egg and the larva stages, and this implies that a smaller popu-
lation of adult anchovies is present than would be the case if survival were
equal for the two species during the egg-to-larva stage. Anchovy eggs and
larvae are, this says, tougher, so fewer spawners can produce more viable
larvae than can sardines. Accepting this position and dividing the Ahlstrom
estimate by 1.4, the total anchovy population becomes 3.2 to 4 million tons.
However, we know that fishing pressure was heavier on the sardine during
those years. Therefore, the entire difference cannot be attributed to
differential mortality between egg and larva. Isaacs has made an independ-
ent measure of the survival rates at these early stages derived from data
in his 1965 paper. This shows a survival ratio in favor of the anchovy of
1.1 to 1. Hence the truth lies between the Ahlstrom and Radovich values:
there is a differential mortality, but it does not occur solely between
egg and larva.
This gives rise to these figures:
Ahlstrom's Aug. '66 estimate:
Radovich correction:
Interpolated probable value:
4.5 - 5.625 million tons
3.2 - 4 million tons
4 - 5 million tons
The significant Illatter is that the most conservative figures (re-
flecting the smallest population) have been used consistently except that
we believe the interpolated value to be closer to the truth than the
Radovich correction.
One could, for example, postulate a 3 x increase rather than a 2 1/2 x
by compari ng the average i nCI~ease of 1962-65 wi th the 1958-59 counts.
This could raise the Ahlstrom estimate to 5.4 - 6.75 million' tons. With
the Radovich correction arpl1ed, the numbers would become 3.9 - 4.8 million
tons. The CalCOFI Committee has however, stayed with the minimal ap~roach
except for modifying the Radov~ch correctlon as we have noted. Its most
recent statement (February 1967) , suggested doubl i ng the ori gi na1 Document
XII figure of 200,000 tons (a 2x raise) and noted the northward shift of
the population center. The matter of population distribution now becomes
critical.
DISTRIBUTION OF THE POPULATION IN SPACE AND TIME
Ca1COFI estimates of the distribution of the anchovy population are
based on the egg and larva surveys already described. Questions have
arisen, however, as to why CalCOFI divided the survey area as it did. As
-------- -------_._-_._----
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noted earlier these surveys have been made on a standard station pattern and
with station lines running approximately perpendicular to the coast with the
results compiled on an area basis (see Figure 1).
A natural oceanographic and biological break occurs between the northern
Baja California and central Baja California areas. This discontinuity im-
pinges on the shore at Cape Colnett, some 65 miles south of Ensenada, at
approximately 31 0N latitude. Spawning is generally much less in the region
of this break than it is either to the north or the south.
For these reasons, the CalCOFI Committee, acting in its capacity as a
scientific body, concluded that 31 0 was a proper point at which to divide
estimates of the total anchovy population. It reached this conclusion
after submitting Document XII in 1964. The reasons for breaking the data
at all go beyond the obvious interest of California in what lies off its
shores. The anchovy population may in fact be a common, intermingling
group throughout the survey area, but this is not demonstrated as yet. The
anchovies from south of 31 0 may prove genetically distinct from those in
the north or geographically restricted and only partially intermingling
with them.
Conservatism dictated separating the proposed take under an experi-
mental fishery into southern and northern components at least until there
was clear evidence that the entire population was in fact one, and that
anchovies spawning to the south were available to any fishery that might
develop to the north.
The problem from the point of view of management is that California,
in setting regulations for its anchovy fishery, used Document XII and
the subsequent statements without fully exploring the difference between
population estimates based on California alone vs. those based on a divi-
sion at 31 0 .
The Ensenada fishery is growing (14,450 tons in 1966). Its fleet
operates north of 31 0 N. Does this mean that any quota for California
derived from CalCOFI estimates should take account of the Ensenada catch?
The answer is no, based on the analysis which follows.
From 1951 to 1959, the base period for Document XII, the percentage
of larvae found north of 31 0 ranged from 20% (1952) to 67% (1959). The
8-year average is 44%. The percentage of larvae found off California
ranged from 12% (1952) to 59% (1959) with a mean value of about 34%. Per-
centages are higher off California in warm water years.
The 35% value suggested for phase 1 in Document XII reflects CalCOFI IS
initial thinking at which time the population estimates were divided be-
tween Mexico and the United States. CalCOFI later amended Document XII
by moving the dividing point to 31 0 but it did not alter the percentage
value, feeling that ultra-conservatism might be a virtue at that time.
The discussion so far has been concerned with the distribution of the
population of anchovies in recent time and with the growth of that popu-
lation since 1950. There is, as well, some evidence of the nature of the
population in prehistorical times,--this derived from the deposits of fish
scales in the Santa Barbara Basin,--Soutar (in press) gives a preliminary
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analysis. This evidence indicates that the anchovy has been in continuous
abundance off southern California for the last 1500 years, with the possible
exception of a short period a few decades ago. This evidence also indicates
that over this same span of years the sardine has been abundant only once
prior to the recent period. The apparent natural dominance of the anchovy
shown by these deposits has obvious implications. If it is in fact domi-
nant, resurgance of the sardine might not result from a scientifically
managed anchovy fishery; the result of the experiment could be a sustained
anchovy fishery instead.
CONCLUSION
In its 1967 Baper which brought Document XII up to date the CalCOFI
Committee used 31 N as the dividing point, noted that over half of the spawn-
ing population lay north of this latitude, and that a take in excess of
200,000 tons was appropriate north of 31 0 , this in the frame of reference of
the original proposal for a scientific experiment.
The data supporting the increase are these: The total anchovy popula-
tion had reached a level of 4 to 5 million tons during the period 1962-66.
The percentage of larvae found in the three areas north of 31 0 ranged from
47% to 85% and averaged 68%. Considering only the areas off California, the
range was from 30 to 74% and the average 51% (The data for 1965 and 1966 are
not entirely complete, but final analysis will not make a significant change
in the values).
Since 200,000 tons represents only about 10% of the minimum population
spawning off California, the CalCOFI Committee believes that a catch of
200,000 tons by the California fleet would not have an adverse effect on
the anchovy population but should be sufficient to produce the measurable
effects which are essential to a meaningful experiment. At the same time
CalCOFI changed its position on the sardine fishery, now recommending a total
moratorium. The catch is now at such a low level that eliminating it entire-
ly will not affect the experimental design; further, sea surveys and acci-
denta1 catches wi 11 pY'ovi de the necessary "wi ndow" through whi ch the sardi ne
population may be viewed.
This, then, is CalCOFI's position as of April 1967. The Committee will
continue to study the data available to it, and, further to modify its
position in the future should the scientific evidence so dictate.
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